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Introduction
The adverse effects of maternal smoking for human pregnancy are well known. Smoking during pregnancy is associated with pregnancy complications, intrauterine growth restriction, low birthweight, and prematurity 1, 2, 3, 4, 5 . Maternal smoking reduces mean birthweight by about 150-200 grams and doubles the risk of low birthweight, with restriction of intrauterine growth being the main factor involved 6 . Moreover, a dose-response effect has been described, with occurrence of low birthweight increasing with the number of cigarettes smoked per day 7, 8 .
For one category of mothers, however, the effect of smoking in pregnancy is less clear. These are women with histories of low birthweight and/or preterm birth repetition in successive pregnancies. It is controversial whether the repetition of these events is due to an inherent "tendency" for repetition or persistence of risk factors 4 . Although low birthweight and preterm birth from previous pregnancies are investigated as markers of risk for the recurrence of these outcomes in subsequent pregnancies, this approach does not identify the prognostic factors for such recurrence.
One literature review identified only six studies that addressed prognostic factors for the recurrence of low birthweight, premature birth, or small for gestational age newborn infants 9 . Only one of these studies explored the effect of maternal smoking 10 , and the result was unambiguous: compared with those who never smoked, women who smoked only during the second pregnancy had 52% higher risk of repeating low birthweight and, the risk was 85% higher among those who smoked during both pregnancies.
Given the paucity of available information regarding the effect of maternal smoking on the recurrence of low birthweight, the present study aimed to evaluate the frequency of this exposure in successive pregnancies and investigate its association with the repetition of low birthweight in a subsample of the 2004 Pelotas birth cohort, Rio Grande do Sul, Brazil.
Methodology
The information presented in this study derived from the 2004 Pelotas birth cohort. Data collection was performed during this cohort's perinatal phase through daily visits to five maternity hospitals in the city of Pelotas. The women were interviewed during their hospital stay by six previously trained interviewers using a standardized questionnaire. Interviewers were reassessed during data collection and alternated periods between hospitals to ensure the quality of interviews. To ensure data quality, about 10% of interviews were repeated by a trained supervisor via telephone. In addition, about 5% of mothers were re-interviewed while still in hospital by a fieldwork supervisor using an abbreviated questionnaire. Detailed information of the 2004 cohort is available elsewhere 11 .
Only women with previous histories of low birthweight children were eligible for the study, with nulliparae being excluded. Women with two or more previous births were eligible only if at least one of the two deliveries immediately prior to 2004 was of low birthweight. We excluded mothers of newborns from multiple births or with congenital malformation, whether from the 2004 or prior pregnancies.
We collected information on parity (number of births prior to 2004), maternal education (number of years of formal education completed), and socioeconomic status using the Brazilian Association of Research Companies (ABEP; http://www.abep.org) classification. Because the most extreme categories include small numbers of women, only two socioeconomic groups were distinguished for statistical analyses. The first included classes D and E and the second, classes A, B, and C.
We investigated women's marital status (whether or not living with a husband or partner), age (in years completed at the time of the interview), skin color (classified as white, black, brown, yellow, or indigenous, according to the interviewer's observation), receiving prenatal care (yes/no), gestational age at first prenatal consultation, and number of prenatal care visits (the last two were evaluated for the sake of classification as proposed by Kessner and modified by Takeda) 12 . With regard to its quality, prenatal care was classified as adequate (six or more prenatal visits initiated within the first 20 weeks of gestation), inadequate (less than three consultations after 28 weeks of gestation), and intermediate (all other situations). Because there were few mothers with inadequate prenatal care, the quality of prenatal care was subsequently dichotomized into adequate and intermediate/ inappropriate. Likewise, there being few mothers of Asian and indigenous origin, these were subsequently grouped together with black and brown. Consequently, for the purposes of analysis, skin color was dichotomized into white and black/brown/other. Inter-birth interval (months between the current and previous birth) was reported by the mothers.
Maternal smoking (yes/no) was investigated for the current and previous pregnancies, with women being considered smokers if they smoked daily during each trimester of pregnancy, irrespective of the number of cigarettes. To evaluate the effect of change of smoking habits in successive pregnancies, a variable was created to indicate the "evolution of maternal smoking during pregnancy", with four categories: never smoked, always smoked, ex-smoker, and new smoker. Women with only one pregnancy prior to 2004 were classified as follows: never smoked (women who did not smoke during either of the two pregnancies), always smoked (women who smoked during both pregnancies), ex-smoker (women who smoked during the previous but not the 2004 pregnancy), and new smoker (did not smoke during the previous pregnancy, but did smoke in 2004).
To classify the evolution of smoking for women who had two or more previous pregnancies, only smoking during the two pregnancies immediately preceding 2004 was considered, according to the classification: never smoked (women who did not smoke during any pregnancy), always smoked (women who smoked during both previous pregnancies and the one in 2004), exsmoker (women who smoked during one or two previous pregnancies but did not smoke in 2004), and new smoker (women who did not smoke in either of the pregnancies immediately preceding 2004, but did smoke in 2004).
Children weighing less than 2500 grams at birth were considered to have low birthweight. In the bivariate and multivariate analyses, prevalence ratios (PR) were obtained using Poisson regression with robust variance, since the outcome was binary and frequent. In the multivariate analysis, the variables were introduced according to a model defined a priori. Being strongly associated with birthweight, the parity variable entered the model's first (more distal) level 13, 14 . In the second level were socioeconomic variables (socioeconomic status, maternal education, and marital status). The third level included age and maternal skin color. Entering into the fourth level were quality of prenatal care and sex of the newborn. Maternal smoking entered in the fifth level. We ran two adjusted models according to the exposure of interest. The first assessed the effect of current smoking during pregnancy (yes, no) and the second assessed the effect of a change of smoking habit for subsequent pregnancies. For each level, regression by backward elimination was performed, discarding variables with p > 0.20. Confounding variables that could bias the estimates were defined according to pvalues ≤ 0.20.
The study was approved by the Pelotas Federal University Ethics Committee. Mothers signed a consent form after being informed of the study objectives and before beginning interviews.
Results
We identified 4,558 births in Pelotas in 2004, of which 565 met the eligibility criteria (singleton newborns of mothers with one or more previous deliveries with low birthweight). Of these, 86 (15.2%) had low birthweight. Table 1 shows that repetition of low birthweight was more common among girls and newborns of mothers with two or more previous deliveries, pertaining to poorer economic groups, with less education, and having received prenatal care of intermediate or poor quality. As for smoking, repetition of low birthweight was more prevalent among newborns of mothers who smoked during pregnancy and continued smoking since previous pregnancies. The likelihood of repetition of low birthweight was 75% higher among women with two or more previous births than among those with only one (PR = 1.75; 95%CI: 1.18-2.60). Among mothers belonging to social classes D/E, repetition of low birthweight was nearly three times more frequent than among families in the economic groups A/B/C (PR = 2.79; 95%CI: 1.47-5.27). For women with less formal education (0-4 years) and who received intermediary/inappropriate prenatal care, recurrence of low birthweight was about two times higher, as compared to those with more education and adequate prenatal care, respectively.
The recurrence of low birthweight was 73% higher (95%CI: 1.17-2.54) among women who smoked during the 2004 pregnancy as compared to those who did not. More than two thirds of mothers (67.1%) had never smoked during pregnancy and of these, 8.5% repeated low birthweight. However, among the 121 mothers who smoked during all pregnancies, the recurrence of low birthweight was nearly four times higher (PR = 3.71; 95%CI: 2.43-5.68). In the categories ex-smokers and new smokers, the repetition of low birthweight was intermediate, around 25%, but still about three times higher than among women who never smoked. Table 2 shows the distribution of smoking during pregnancy according to selected maternal characteristics. Among women with only one birth prior to 2004, 83.2% had never smoked and 10.2% smoked during both pregnancies. Among women with two or more previous births, the frequency of smoking in all pregnancies was 36.2%. The frequency of smoking in all pregnancies was three times higher in the lower social Table 1 Prevalence of repetition of low birthweight and crude prevalence ratios (PR) by maternal characteristics and sex of the newborn (N = 565). classes as opposed to the higher classes, with the proportion of women who started smoking during their 2004 pregnancies being nearly double that observed for classes A/B/C. Also, quitting was 29% lower in the classes D/E. The highest smoking frequency during all pregnancies was observed among women with up to four years of formal education and who received intermediate/inappropriate prenatal care. Table 3 presents the results of multivariate analysis of the association between smoking during the current pregnancy and evolution of maternal smoking during successive pregnancies with repetition of low birthweight. When analyzing only the exposure status during gestation of the 2004 newborn, after adjusting for parity, socioeconomic status, maternal education, adequacy of prenatal care, and sex of the Table 2 Smoking during prior and current pregnancies, by socioeconomic status, maternal characteristics, and quality of prenatal care.
Characteristics
Smoking Table 3 Adjusted prevalence rates (PR) * and 95% confi dence intervals (95%CI) for low birthweight repetition by maternal smoking habit during previous and current pregnancies. 
Discussion
This study involved 565 births by mothers with histories of newborns with low birthweight. The representativeness of the population was ensured by the method utilized to identify pregnant women in the city's hospitals and the occurrence of more than 99% of births in hospitals.
The main limitation of the study is potential information bias resulting from the reporting of events that occurred in the past, such as smoking histories and low birthweight children from previous pregnancies. A study comparing birthweight in 1993, measured by the Pelotas birth cohort research team from that year, with maternal reporting of birthweight 11 years later showed that the percentage of agreement in the detection of low birthweight was 95.2% for the total sample (kappa = 0.73), although it was lower among mothers with low education 15 . Although the recall time in the current study was not as long, since the average interval between previous births and those that occurred in 2004 was 66 months 16 , it is possible that some eligible mothers were not included in the sample. Studies evaluating the validity of maternal information on smoking during pregnancy against biochemical tests showed that accuracy varied depending on where the study was conducted 17, 18, 19, 20 . However, a study of English pregnant women showed that there is great variation in the frequency and intensity of smoking during pregnancy (with mothers repeatedly trying to stop or decrease the number of cigarettes smoked per day). Consequently, self-reporting was shown to have greater validity than urinary cotinine concentration, which only measures recent exposure 21 . There is no guarantee, however, that this finding applies to other populations, since smoking information may be more precise among highly educated women, as is the case in most developed countries.
Another limitation of the study stems from the fact that the group of low birthweight newborns includes infants born prematurely, with growth restriction (IUGR), or both, and the determinants of recurrent prematurity and IUGR tend to differ. The sample size, however, did not allow separate analyzes to be performed to ascertain whether mothers of children born at term with low birthweight before 2004 had a different prognosis than mothers of children with low birthweight born prematurely. For the same reason, in this study we were unable to explore factors associated with the severity of low birthweight (birthweight between 1,500 and 2,499 grams versus under than 1,500 grams).
The frequency of smoking during the current pregnancy (32.4%) was higher in our sample than was observed in the entire 2004 cohort (27.5%) 16 . Regarding the distribution of current smoking by socioeconomic status, education, ethnicity, and quality of prenatal care, the findings of the present study are consistent with the pattern observed among the other mothers of the 2004 cohort 16 and the findings of other Pelotas birth cohorts 22, 23 .
The main contribution of this study relates to how smoking exposure was assessed both during the current pregnancy and in previous pregnancies, which allowed us to evaluate the repetition of low birthweight according to the change or persistence of smoking status. The results of this study showed that analysis of current smoking without consideration of smoking during previous pregnancies can lead to the conclusion that smoking is not associated with recurrence of low birthweight. By considering the evolution of smoking in sequential pregnancies it became evident that the recurrence of low birthweight observed among mothers who had never smoked (8.5%) was more similar to the prevalence of low birthweight observed for the entire cohort of 2004 (10%) 24 . Moreover, among those who smoked during all pregnancies, the recurrence of low birthweight was three times higher than was observed for the cohort as a whole.
The greater repetition of low birthweight documented for women who smoked during all pregnancies is consistent with that found by Bakewell et al. 10 , which analyzed 70,701 women in the United States who had their first two children between 1978 and 1990 and found an odds ratio of 1.85 for low birthweight repetition if the woman had smoked during both pregnancies.
Although the number of mothers who quitted smoking or that started smoking during the 2004 pregnancy was small in our sample (37 and 28, respectively), the proportion who repeated the experience of having a newborn with low birthweight was similar (about a quarter of the mothers in each group), showing that, given the multiple causality of low birthweight, other factors are involved in its etiology. In 1987, Kramer 4 identified 42 possible risk factors for low birthweight in addition to maternal smoking during the pregnancy. However, the persistence of smoking among mothers with previous experi-ence of low birthweight children more than doubles the risk of recurrence.
It is striking that, despite previous history of newborns with low birthweight, more than a quarter of mothers (21.4%) continued to smoke during the pregnancy that ended in 2004. Twothirds of mothers who smoked in 2004 were already smokers during previous pregnancies. Smoking cessation in pregnancy is not an easy task. Besides there being restrictions on the use of medication, tested behavioral strategies had only modest effect on smoking cessation among pregnant smokers 25, 26 . A systematic review involving more than 70 randomized trials for smoking cessation in pregnancy showed reductions in maternal smoking (RR = 0.94; 95%CI: 0.93-0.96) and lower prevalence rates of both low birthweight (RR = 0.83; 95% I: 0.73-0.95) and preterm births (RR = 0.86; 95%CI: 0.74-0.98) 27 . The recommendation to stop smoking should be emphasized during the prenatal period, particularly among women with histories of low birthweight newborns. In the current study, the calculation of attributable risk among mothers who smoked during all pregnancies showed that 24% of the risk of low birthweight recurrence could have been avoided had they stopped smoking during pregnancy the child born in 2004. 
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